Background: Neck pain (NP) is highly prevalent in young people, but there has been
muscles and of joint position sense (deVries et al., 2015; Falla, Jull, & Hodges, 2004; Stanton, Leake, Chalmers, & Moseley, 2016) and sensitivity changes, such as local and distant hyperalgesia with reduction of the pressure pain threshold (PPT) (Coppieters et al., 2017; Rebbeck et al., 2015) , when compared with asymptomatic individuals. Patients with NP and asymptomatic individuals have also been compared for head posture, but the results are inconsistent. Some studies suggested that patients with NP have a more forward head posture (FHP) than asymptomatic participants (Lau et al., 2010; Yip, Chiu, & Poon, 2008) , while others found no difference (Harrison, Barry-Greb, & Wojtowicz, 1996; Lee, Nicholson, & Adams, 2004) . Nevertheless, NP-associated functional changes have been relatively well studied in adults and are used to inform international guidelines on treatment (Blanpied et al., 2017) .
Similarly to adults, adolescents with NP seem to have a decreased endurance of the neck flexor and extensor muscles (Oliveira & Silva, 2016) , increased activity of the superficial muscles (Park et al., 2012) , an impaired joint position sense and increased pain sensitivity ) when compared with asymptomatic adolescents. The evidence in regard to posture is contradictory (Hellstenius, 2009; Oliveira & Silva, 2016; Richards, Beales, Smith, O'Sullivan, & Straker, 2016) .
Despite these similarities, adolescents tend to have NP of lower intensity, frequency and duration (Oliveira & Silva, 2016; Silva, Sa-Couto, Queirós, Neto, & Rocha, 2017) than adults with NP (Lau et al., 2010; Silva, Punt, Sharples, Vilas-Boas, & Johnson, 2009) The Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines were followed (Moher, Liberati, Tetzlaff, & Altman, 2009 ).
| Search strategy and study selection
From September to November 2017, an electronic search was conducted in PubMed, ScienceDirect, Web of Science, PEdro, Scielo, Scopus and Academic Search Premier databases. Additionally, the list of references of all included studies was analysed to check for further relevant studies not identified by the electronic searches.
A combination of words was used in the search strategies, including ʻneck painʼ and ʻadolescentsʼ, and specific terms regarding NP function. PubMed was searched using MeSH terms and filters for age and article type. Data searches were conducted for publications available since database inception and for studies published in English, Spanish, French or Portuguese.
To be included in the review, studies had to compare aspects of neck function in adolescents with and without NP, in line with the following criteria:
• Age range of included participants between 12 and 18 years (Williams et al., 2012);
• Report on acute or chronic NP not related to any known pathology or injury (Merskey & Bogduk, 2002; Misailidou, Malliou, Beneka, Karagiannidis, & Godolias, 2010 );
• Compare any of the following variables between adolescents with and without NP: ROM, proprioception, muscle strength/ endurance, sensory threshold, posture and/or postural control;
• Be full articles, published in peer reviewed journals.
Studies in adolescents with nervous system pathology, rheumatic pathology or major structural pathology (i.e., infection, neoplasms, systemic disease) were excluded from the review.
| Data extraction
All retrieved references were imported into the reference software EndNote X5 (Clarivate Analytics, Philadelphia, PA) and checked for duplicates. The principal investigator (R.A.) screened titles and abstracts against the inclusion and exclusion criteria. The full texts of potentially eligible studies were then retrieved and screened for inclusion independently by the authors of the present review (R.A. and A.G. S.) . Discrepancies between reviewers were resolved by discussion until consensus was reached. The principal investigator (R.A.) extracted study characteristics using standardized forms. The extracted data were verified independently by the second reviewer (A.G.S.) and any disagreement was resolved by discussion.
| Methodological quality assessment
The methodological quality of included studies was independently assessed by the two reviewers using the Newcastle-Ottawa Scale (NOS) for case-control studies (Wells et al., n.d.; Lo, Mertz, & Loeb, 2014) , which is recommended by the Cochrane Collaboration. (McHugh, 2012) . The NOS score varies between 0 and 9, with higher scores indicating a lower risk of bias (Wells et al., n.d.) . The quality rating is interpreted as good quality (score ≥7), fair (score ≥5) and poor (score <5) (McPheeters et al., 2012) .
| Data synthesis and analysis
Outcomes were described according to the measured variable (posture, postural control, ROM, proprioception, muscle function and sensory threshold). Data were presented as mean ± standard deviation (SD), odds ratio (OR) or percentage difference (%). To discuss the results, the weighted mean difference (WMD) and respective 95% confidence intervals (CIs) were calculated for each study that presented the results with mean ±SD. These calculations were performed using the Meta XL software (Epigear International, Brisbane, Australia), with population size, mean and SD as input data.
A meta-analysis was performed for studies that measured FHP, as in this case there were at least three studies using similar measurements. The meta-analysis was also performed using Meta XL. The statistical heterogeneity of the studies was assessed using the Cochran's Q test (defined as p < 0.05) and the I 2 statistic (interpreted as: 0-40% might not be important; 30-60% might represent moderate heterogeneity; 50-90% might represent substantial heterogeneity and 75-100% might represent considerable heterogeneity) (Higgins & Green, 2011; Israel & Richter, 2011 ). The results were tested using the random-effect model. Forest plots were used to present the WMD and CI for the individual studies of the meta-analysis and for overall analysis (Barendregt & Doi, 2011 .
Finally, we defined the "levels of evidence" according to the recommendations of van Tulder et al. (vanTulder, Furlan, Bombardier, & Bouter, 2003) and Barton et al. (Barton, Lack, Malliaras, & Morrissey, 2013) , as strong, moderate, limited, very limited and conflicting evidence.
3 | RESULTS
| Study selection
Searches identified 1,150 references. After removing duplicates (n = 457), 693 references were screened based on title and abstract, and 26 full articles were retrieved. Of these, 10 articles were eligible for inclusion (Figure 1 ). The main reasons for exclusion were: studies without reference to NP in adolescents (n = 13), no between-group comparisons (n = 1) and no data on functional changes (n = 2). 
| General overview of included studies
Nine out of the 10 included studies were case-control studies and one (Mikkelsson et al., 2006 ) was a prospective longitudinal study. Five of the 10 studies assessed more than one variable and, therefore, a total of 15 comparisons between adolescents with and without NP were made on different variables: posture (n = 7), muscle function (n = 3), ROM (n = 3), joint repositioning error (n = 1) and PPT (n = 1). No studies were found on postural control. Only five of the included studies specified the duration of NP. A detailed characterization of included studies is presented in Table 1 .
| Methodological quality
Cohen's k for reviewers' agreement was 0.63 (95% CI 0.47, 0.78). The total score for the 10 included studies varied between 3 (n = 3) and 6
(n = 3) ( Table 2) , out of a maximum of 9 points (i.e., no study reached the cut-off point for good quality ≥7).
Only one paper had participants interviewed by an experienced physical therapist for their NP (Cheung, Shum, Tang, Yau, & Chiu, 2009 ). All studies used participants who were representative of the population of adolescents with NP and community controls, but only five of them defined the criteria for being a control (Dolphens et al., 2016; Hellstenius, 2009; Oliveira & Silva, 2016; Richards et al., 2016; . Only four out of the 10 included studies met criteria 5 (adjusted for age/gender) and 6 (adjusted for additional factors), regarding comparability of cases and controls (Dolphens et al., 2016; Mikkelsson et al., 2006; Richards et al., 2016; Straker, O'Sullivan, Smith, & Perry, 2009) . Only two of the 10 included studies performed a structured interview with a blind assessor (Hellstenius, 2009; Straker et al., 2009) . All included studies assessed cases and controls using the same method. No study reported on nonresponse rates.
| Posture
Details on measurement procedures and study results can be found in Table 3 and in the supporting information. A total of seven studies compared posture between adolescents with and without NP. Three of these studies characterized head posture through the angle between C7, the tragus of the ear and the horizontal (indicative of FHP), using the Head Posture Spinal Curvature Instrument (HPSCI) (Cheung et al., 2009) , the universal goniometer (Oliveira & Silva, 2016) and photogrammetry (Ruivo, Pezarat-Correia, & Carita, 2014) .
Another study characterized FHP in relation to a plumb line crossing the lateral malleolus and the external auditory meatus (Hellstenius, 2009) . Of these four studies, two with poor to fair methodological quality found no difference between adolescents with and without NP (Cheung et al., 2009; Hellstenius, 2009) ; one study with fair quality reported adolescents with NP to have significantly less FHP than asymptomatic controls (Oliveira & Silva, 2016) and the other study, assessed as poor, found adolescents with NP to have significantly more FHP than asymptomatic controls (Ruivo et al., 2014) . The results of the meta-analysis with the three studies that assessed FHP through the angle between C7, the tragus and the horizontal showed statistically significant heterogeneity across studies (Q = 13; p = 0.00; I 2 = 85%) in a random-effect model. After pooling, the results showed no statistically significant differences in FHP between adolescents with and without NP (WMD = 1.1; 95% CI -2.1°, 4.1°) (see Figure 2 ). 
| ROM
A total of three studies compared ROM between adolescents with and without NP (see Table 4 and supporting information). Two studies assessed neck ROM (Hellstenius, 2009; Park et al., 2012) and one study (Dolphens et al., 2016 ) assessed thoracic and lumbar extension movement. Hellstenius (2009) , whose study was of fair methodological quality, used a cervical collar goniometer to measure neck rotation, and reported no significant differences between adolescents with and without NP. The study by Park et al. (2012) , which was of poor methodological quality, assessed all movements of the neck using a three-dimensional ultrasonic motion analysis system, and reported that adolescents with NP have a greater ROM in left lateral bending (WMD = 9.4°; 95% CI = 7.6°, 11.3°) and left rotation (WMD = 5.5°; 
| Proprioception
A single study (see Table 5 and supporting information), of fair methodological quality, used a laser pointer and the left and right rotation movements of the cervical spine to determine the joint repositioning error (JPE) . These authors showed that adolescents with NP have a higher JPE than those without (WMD = 1.9°; 95% CI = 0.8°, 2.9°; and 2.4°; 95% CI 1.3°, 3.5°for right and left rotation, respectively). Therefore, very limited evidence suggests that adolescents with NP have a higher JPE than those without.
| Muscle endurance and strength
Two studies compared muscle endurance and strength between adolescents with and without NP (see Table 6 and supporting information). One of these studies (Oliveira & Silva, 2016) , which was of fair methodological quality, assessed the endurance of the deep flexors and extensors of the neck. The other study (Park et al., 2012) women was associated with a lower probability of NP (OR = 0.6; 95% CI = 0.4, 0.9) in these women as adults.
| Sensory threshold
A single study , of fair methodological quality, used the pressure algometer to assess the PPT (see Table 7 
| DISCUSSION
The purpose of the present review was to identify and critically assess the evidence on functional changes associated with NP in adolescents.
A total of 10 articles performing 15 comparisons between adolescents criterion not fulfilled; 1: criterion fulfilled; criterion 1: case definition adequate; criterion 2: representativeness of the cases; criterion 3: selection of controls; criterion 4: definition of controls; criterion 5: study controls for age/gender; criterion 6: study controls for any additional factor; criterion 7: ascertainment of exposure; criterion 8 same method of ascertainment for cases and controls; criterion 9: nonresponse rate. and distant sensory pain threshold than those without. These findings suggest that more high-quality research is needed and that this is highly likely to change our conclusions and the confidence we have in the findings of the present review.
To our knowledge, this is the first systematic review aiming to characterize NP associated with functional changes in adolescents.
Therefore, comparisons has been made against studies in adults with chronic idiopathic NP. Concerning posture, a previous systematic review in adults (Silva, Sharples, & Johnson, 2010) , concluded that there was insufficient good-quality evidence to determine whether head posture differs between participants with NP and asymptomatic participants. In our review, it was possible to perform a meta-analysis with three studies comparing FHP between adolescents with and without NP, and the overall results pointed towards no difference between them. Nevertheless, the few studies included, their poor methodological quality and high heterogeneity (I 2 = 85%) might have had an impact on the accuracy of the findings (Israel & Richter, 2011) and therefore caution should be taken when interpreting them.
In addition, the procedures and equipment used for postural assessment varied considerably among studies, which might explain some of the differences found between studies. In addition, all studies used external landmarks to characterize posture, which might not reflect the true alignment of the structures, as verified in a recent study that classified cervical spine alignment using internal radiological landmarks (Daffin, Stuelcken, & Sayers, 2017) .
Concerning ROM, the only study that reported values on this outcome (Park et al., 2012) suggested that, compared with those without NP, it was significantly higher in adolescents with NP for left lateral bending (WMD = 9.4°) and left rotation (WMD = 5.5°) and significantly lower for right and left axial rotation (WMD = −9.6°and −14.0°, respectively). These findings are different to those reported for adults, as a recent systematic review concluded that adults with NP have significantly decreased ROM for all cervical movements when compared with asymptomatic participants (Crone & Dahl, 2012) . However, the poor methodological quality of the study by Park et al. (2012) , the small sample size and the fact that a specific population was assessed (i.e., adolescents who played the violin) might have influenced the results. Therefore, more studies in adolescents are needed to explore the association between NP and ROM.
We found very limited evidence suggesting that adolescents with chronic NP have a lower endurance of the deep flexors (WMD = −11.4s) and extensors (WMD = −42.0s) of the neck and a higher activity of superficial muscles compared with those without NP. The same study (Oliveira & Silva, 2016) (Caneiro et al., 2010; Jull, Kristjanssonb, & Dall'Alba, 2004; Shahidi, Johnson, Curran-Everett, & Maluf, 2012) . Although the magnitude of the differences between individuals with and without NP tends to be higher in adults (Shahidi et al., 2012) , these differences might be related to the variation in the methodologies used and the characteristics of the population (for example, NP is of higher duration and intensity in adults compared with adolescents) (Oliveira & Silva, 2016) .
It has been suggested that, in adults, the increased activity of the superficial muscles might occur to compensate for the deficit activity in deep muscles or changes in motor control, which might result from a decrease in the activity of the painful muscles or a more vigilant response from the individual to protect against pain and movement (Falla, Bilenkij, & Jull, 2004; Falla & Farina, 2007; Johnston, Jull, Souvlis, & Jimmieson, 2008; Nederhand, IJzerman, Hermens, Baten, & Zilvold, 2000) .
Finally, very limited evidence -based on the findings of one study only ) -was found that JPE is increased and PPT decreased in adolescents with chronic NP. Two systematic reviews reported that adults with NP have an impaired sense of head position when compared with asymptomatic participants (Stanton et al., 2016; de Vries et al., 2015) . In the present review, the WMD for JPE between adolescents with and without NP was 1.9°and 2.4°f or right and left rotation, respectively. In the review by de Vries et al. (2015) in adults, JPE ranged from 3.7°to 6.1°for rotation movement. The lower JPE found for adolescents with NP when compared with adults with NP might be related to the different NP characteristics, which are of lower intensity and duration in adolescents . In addition, some mechanisms that have been reported in adults, as deficits in the vestibular system, degenerative and sensitivity changes in joints and muscles of the neck region, and the influence of pain on local nociceptive activity and in the central nervous system, can contribute to greater differences in JPE (Armstrong, McNair, & Taylor, 2008; LePera et al., 2001; Tsay, Allen, Proske, & Giummarra, 2015) . A reorganization of the somatosensory cortex associated with the presence of chronic pain might also change the representation of body sites with pain, and influence the JPE (Tsay et al., 2015) . The study by also suggested the presence of central sensitization in adolescents with NP, as indicated by a decreased PPT measured in the tibialis anterior, when compared with adolescents with NP. Central sensitization has been reported as involving the sensitization of not only the nociceptors and segmental areas, but also the entire central nervous system and endogenous pain modulation mechanisms (Roussel et al., 2013; Woolf, 2011) . However, a systematic review on studies in adults concluded that there was a lack of evidence for the presence of central sensitization in adults with chronic idiopathic NP (Malfliet et al., 2015) .
| Limitations
We made no attempt to contact original study authors for clarifica- 
